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(54) Gas removal method and gas removal filter 

(57) A gas removal filter has an ion exchanger for 
adsorbing a gas and at least a pair of electric resistance 
measuring electrodes disposed on the ion exchanger. 
By measuring a change in the electric resistance be- 
tween at least the pair of electric resistance measuring 
electrodes disposed on the ion exchanger, it is possible 



to estimate an ion exchange group consumption ratio of 
the ion exchanger. The ion exchange group consump- 
tion ratio of the ion exchanger can be detected in a short 
period of time, and a remaining adsorption capability of 
the ion exchanger can be known with ease. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to a gas removal 
filter, and more particularly to an apparatus for and a 
method of estimating the ion exchange group consump- 
tion ratio of an ion exchanger for use in gas adsorption 
applications. 

Description of the Related Art: 

[0002] Heretofore, the service life of an ionic gas ad- 
sorption filter has been managed by any one of the fol- 
lowing processes: 

(1 ) The total amount of a gas adsorbed by the filter 
is periodically integrated from the concentration of 
the gas on the inlet side of the filter and the rate of 
air flowing through the filter, and then compared 
with a known absorption limitation for judging the 
service life of the filter. 

(2) The concentration of the gas on the inlet side of 
the filter and the concentration of the gas on the out- 
let side of the filter are periodically measured to con- 
firm a reduction in the gas removal capability of the 
filter. 

(3) It is confirmed whether or not the concentration 
of the gas on the outlet side of the filter is of a man- 
agement value or lower. 

[0003] The concentration of a gas is generally meas- 
ured by an analyzer such as an ion chromato graph, a 
monitor for detecting a pH change, or a glass tube (de- 
tecting tube) filled with a detecting agent. While all the 
above processes for managing the service life of a gas 
removal filter are based on the measurement of the con- 
centration of a gas, if the concentration of a gas to be 
measured is lower than 10 jxg/m 3 , then the measure- 
ment needs to rely on an analyzer which is capable of 
analyzing a trace amount of gas. However, such an an- 
alyzer is expensive and requires an operator who is 
knowledgeable In analytic processes for its operation 
though the analyzer is characterized by high analyzing 
accuracy. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide a gas removal filter which is capable of de- 
tecting the ion exchange group consumption ratio of an 
ion exchanger without a short period of time and easily 
detecting a remaining adsorption capability without the 
need for measuring a gas concentration. 
[0005] A gas removal filter according to the present 
Invention has an ion exchanger for adsorbing a gas and 



2 

at least a pair of electric resistance measuring elec- 
trodes disposed on the ion exchanger. 
[0006] By measuring a change in the electric resist- 
ance between at least the pair of electric resistance 
5 measuring electrodes disposed on the ion exchanger, it 
is possible to estimate an ion exchange group consump- 
tion ratio of the ion exchanger. The ion exchange group 
consumption ratio of the ion exchanger can be detected 
in a short period of time, and a remaining adsorption ca- 
10 pability of the ion exchanger can be known with ease. 
[0007] A gas removal method according to the 
present invention comprises the steps of placing at least 
a pair of electrodes on a gas removal filter having an ion 
exchanger for measuring the electric resistance of the 
15 ion exchanger, measuring the electric resistance be- 
tween the electrodes with electric resistance measuring 
means, and estimating an ion exchange group con- 
sumption ratio of the ion exchanger from a change in 
the electric resistance to manage a consumed quantity 
20 of an ion exchange group. 

[0008] With the above method, it is possible to man- 
age the service life of the gas removal filter easily within 
a short period of time without the need for a gas analyzer 
for analyzing a trace amount of gas, such as an ion enro- 
ls matograph, a gas chromatograph or the like. Thus, the 
cleanness of a clean room or the like can be managed 
with ease. 

[0009] In the method of using a gas removal filter ac- 
cording to the present invention, it is preferable to adjust 

30 the humidity around the ion exchanger when the electric 
resistance of the ion exchanger is to be measured. Par- 
ticularly when the humidity around the ion exchanger is 
adjusted to be low, the ion exchanger is not affected by 
moisture, and hence the ion exchange group consump- 

35 tion ratio of the ion exchanger can be estimated accu- 
rately. 

[001 0] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description when taken in conjunction 
40 with the accompanying drawings which illustrate pre- 
ferred embodiments of the present invention by way of 
example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0011] 

FIG. 1 is a graph showing the relationship between 
the ion exchange group consumption of an ion ex- 

50 changer in a gas removal filter and the removal ef- 
ficiency of the gas removal filter; 
FIG. 2 is an elevational view of a clean box incor- 
porating a gas removal filter according to a first em- 
bodiment of the present invention; 

55 FIG. 3 is a plan view of the gas removal filter ac- 
cording to the first embodiment; 
FIG. 4 is a cross-sectional view taken along line IV 
- IV of FIG. 2; 
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FIG. 5 is a cross-sectional view taken along line V 
- Vof FIG. 3; 

FIG. 6 is a cross-sectional view ot the gas removal 
filter shown in FIGS. 4 and 5, with related parts be- 
ing also illustrated; 5 
FIG. 7 is a view showing an apparatus for measur- 
ing the service life of the gas removal filter which is 
incorporated in the clean box; 
FIG. 8 is a perspective view of a corrugated gas re- 
moval filter according to a second embodiment of 10 
the present invention; 

FIG. 9 is a perspective view ot a portion of the cor- 
rugated gas removal filter shown in FIG. 8, together 
with an ion exchanger specimen for measuring an 
electric resistance; 15 
FIG. 10 is an exploded perspective view of the ion 
exchanger specimen shown in FIG. 9; 
FIG. 11 is a view showing an apparatus for meas- 
uring the service life of the corrugated gas removal 
filter according to the second embodiment; 20 
FIG. 1 2 is a graph showing the relationship between 
the ion exchange group consumption and meas- 
ured electric resistance of a strong acid cation ex- 
change nonwoven fabric; and 

FIG. 13 is a graph showing data similar to those of 25 
the graph shown in FIG. 12 in a different humidity 
atmosphere. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] FIG, 1 shows the relationship between the ion 
exchange group consumption ratio of an ion exchanger 
in a gas removal filter and the removal efficiency of the 
gas removal filter. The removal efficiency of a gas re- 
moval filter can be determined by measuring the ex- 
change capacity of the ion exchange group of an ion 
exchanger in the gas removal filter. Specifically, since a 
gas removal filter has its gas removal capability deter- 
mined by the consumption ratio of the ion exchange 
group of the ion exchanger therein, if the consumption 
ratio of the ion exchange group is known, then it is pos- 
sible to detect the service life (breakthrough) of the ion 
exchanger and also to detect the remaining adsorption 
capability thereof. 

[0013] In FIG. 1, the horizontal axis represents the 
consumed proportion (consumption ratio) of the ion ex- 
changer of the gas removal filter with respect to the total 
exchange capacity thereof, and the vertical axis repre- 
sents the removal efficiency of the gas removal filter at 
a constant gas concentration. The data shown in FIG. 
1 were obtained at two average speeds of air passing 
through the ion exchanger, i.e., 0.05 m/s (low speed) 
and 0.3 m/s (high speed). For example, if the removal 
efficiency of the gas removal filter is set to 70 %, then it 
is estimated from FIG. 1 that the breakthrough, or the 
service life, of the gas removal filter at the air speed of 
0.05 m/s will be reached when the consumption ratio is 



70%. 

[0014] The relationship between the ion exchange 
group consumption ratio of an ion exchanger in a gas 
removal filter and the removal efficiency of the gas re- 
moval filter is represented by a curve inherent in the filter 
material though it differs depending on the type of the 
ion exchanger (adsorbing material). Therefore, if the 
consumption ratio of the adsorption capacity of the ion 
exchanger can be measured, then it is possible to esti- 
mate the gas removal capability and service life of the 
ion exchanger. 

[0015] The electric resistance of an ion exchanger 
varies depending on the amount of an ion exchange 
group contained in the ion exchanger. Consequently, if 
the electric resistance of an ion exchanger when it is not 
in use and the electric resistance thereof at the break- 
through (the expiration of the service life) are known, 
then it is possible to detect whether the expiration of the 
service life (the breakthrough) of the ion exchanger has 
been reached or not. Furthermore, the remaining ad- 
sorption capability which is unconsumed of the ion ex- 
changer group can be estimated from the electric resist- 
ance of the ion exchanger. 

[0016] The expiration of the service life (the break- 
through) of an ion exchanger according to the present 
invention, or the consumption ratio of the ion exchanger, 
can be measured with electrodes for measuring the 
electric resistance of the ion exchanger and a* resistance 
measuring means for measuring the electric resistance 
between the electrodes, without the need for an analyz- 
er such as a gas chromatography or the like. In order to 
measure the pure electric resistance of the ion exchang- 
er, it is preferable to provide an insulating means on the 
ion exchanger for preventing the ion exchanger from be- 
ing affected by an electric conductor that is present in 
the vicinity of the ion exchanger. Since the electric re- 
sistance of the ion exchanger is largely affected by hu- 
midity, it is preferable to adjust the measuring environ- 
ment for minimizing the effect of the ambient humidity 
on the ion exchanger. 

[0017] A temperature adjusting means used in con- 
nection with the measurement of the electric resistance 
of the ion exchanger comprises a cold head source and 
a controller. The cold heat source may comprise a re- 
frigerating machine, a cooling tower, a cooling water 
pump, a boiler, an oil tank, a heat storage unit, a hot 
water storage unit, a heat exchanger, a fan coil unit, or 
the like, which is used in combination with a ventilation/ 
air supply means. The refrigerating machine operates 
in different refrigerating cycles including a vapor com- 
pression cycle, an absorption refrigerating cycle, an air 
cooling cycle, and a Peltier effect cycle. The refrigerant 
used in the refrigerating machine may befluorocarbon, 
ammonia, water, or air. A humidity adjusting means 
used in connection with the measurement of the electric 
resistance of the ion exchanger comprises a combina- 
tion of a humidifier and a dehumidifier. The humidifier 
may be an electric heater humidifier, a centrifugal hu- 
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midifier, an ultrasonic humidifier, or the like. The dehu- 
midifier may dehumidify the environment space by using 
the Peltier effect, cooling the environment and retrieving 
condensed water, using a solid polymer electrolytic 
membrane, or using a dehumidifying agent such as sil- 
ica gel, zeolite, molecular sieve, or the like. Alternatively, 
the humidity of the environment space to be dehumidi- 
fied may be adjusted by delivering dry air or an inactive 
gas into the environment space. 
[001 8] The controller may operate according to an au- 
tomatic control process or a manual control process. 
Generally, the automatic control process is used. The 
automatic control process may be classified as a self-, 
powered process, an electric process, an electronic 
process, a pneumatic process, an electronic/pneumatic 
process, or the like depending on how signals are trans- 
mitted and the type of an operating power source used. 
The self-powered process is a process in which a force 
obtained by a detector is directly transmitted to an ad- 
justing unit and an operating unit for control operation 
without the need for a power source such as an electric 
or air source. The self-powered process is typically per- 
formed by a thermal expansion valve, a ball tap, a water 
fall prevention valve, or the like, for example. The elec- 
tric process uses an electric signal transmission system 
and an electric operating power source, but requires no 
electronic amplifying mechanism in an adjusting mech- 
anism. The electric process is widely used for simple 
process control and control without high accuracy. The 
electronic process uses an electronic amplifying mech- 
anism in an adjusting mechanism, and amplifies a de- 
tected signal into an operating signal for moving an op- 
erating unit. The electronic process is capable of highly 
accurate control and complex control, and makes it pos- 
sible for a control system to respond quickly. The pneu- 
matic process uses compressed air for transmitting sig- 
nals and actuating the operating unit, can generate large 
operating power and is widely used in large-scale build- 
ings and constructions. The electronic/pneumatic proc- 
ess is based on a combination of electronic and pneu- 
matic processes, and has an electronic detecting mech- 
anism and a pneumatic operating system. The electron- 
ic/pneumatic process is used for highly accurate control. 
The process control for the temperature/humidify ad- 
justing system is based on a feedback control process. 
The feedback control process may be performed in a 
two-position mode which is an on-off control mode, a 
multi-position mode, a single-speed mode, a proportion- 
al mode, an integral mode, and a differential mode. Any 
of the above processes may be used for the temperature 
and humidify adjusting means, and the control process- 
es. 

[0019] The ion exchanger for use in the gas removal 
filter is available in various types. For example, the ion 
exchanger may comprise a powdery or particulate ion 
exchange resin, hollow filaments, ion exchanger fibers, 
ion exchange nonwoven or woven fabric, a foamed 
body, or a processed product thereof. The ion exchang- 



er according to the present invention may be of any of 
the above materials and processed products thereof, 
but should preferably be in the form of ion exchange fib- 
ers or a sheet such as of nonwoven fabric. 
5 [0020] The ion exchange nonwoven fabric or fibers 
may contain an ion exchange group introduced by a ra- 
diation graft polymerization reaction. Specifically, a 
base material such as of organic polymer, e.g., a poly- 
mer such as polyethylene, polypropylene, or the like, fib- 
re ers or. woven fabric of natural polymer such as cotton, 
wool, or the like, is irradiated with a radiation such as an 
electron beam, a gamma ray, or the like to generate 
many active points which are highly reactive and re- 
ferred to as radicals. A monomer is chemically coupled 
15 to these radicals to impart the properties of the monomer 
which are different from the properties of the base ma- 
terial. This technology is called graft polymerization be- 
cause the monomer is grafted on to the base material. 
When a monomer having a sulfone group, a carboxyl 
20 group, an amino group, or the. like which is an ion ex- 
change group, e.g., styrene sodium sulfonate, acrylic 
acid, arylamine, or the like is joined to a polyethylene 
nonwoven fabric base material by radiation graft polym- 
erization, a nonwoven-fabric ion exchanger whose ion 
25 exchange rate is much higher than ion exchange beads 
that are usually called an ion exchange resin is pro- 
duced. Similarly, when an ion exchange group is intro- 
duced after chloromethyl styrene, glycidyi methacrylate, 
acrylonitrile, acrolein, or the like is joined to a base ma- 
30 terial by radiation graft polymerization, the base material 
is turned into an ion exchanger while retaining its shape. 
[0021] The electrodes for measuring the electric re- 
sistance of the ion exchanger comprise one, two, or 
more pairs of electrodes applied to an ion exchanger in 
35 the form of a sheet. A voltage is applied between the 
electrodes, and a current flowing between the elec- 
trodes under the voltage is accurately measured. The 
electrodes on the ion exchanger are connected by wires 
to terminals on a frame of the gas removal filter, and the 
40 terminals of an electric resistance measuring means 
such as a resistance meter are brought into contact with 
the terminals on the frame of the gas removal filter to 
measure the electric resistance between the electrodes 
of the ion exchanger. The electrodes on the ion ex- 
45 changer should preferably be made of an evaporated 
carbon film, a coated film of electrically conductive 
paste, or the like as these materials produce no contact 
resistance between the electrodes and the ion exchang- 
er. At any rate, the electrode material should preferably 
so be highly electrically conductive and should preferably 
be able to be firmly bonded to the ion exchanger without 
developing any appreciable contact resistance between 
the electrodes and the ion exchanger. 
[0022] As described above, an ion exchanger to be 
55 measured needs to be measured for Its own electric re- 
sistance with high accuracy. However, if there is an elec- 
trically conductive material is present in the vicinity of 
the ion exchanger, then the electric resistance to be de- 
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termined may possibly be changed due to the presence 
of the electrically conductive material other than the ion 
exchanger. In order to cancel out the effect of the elec- 
trically conductive material and measure the electric re- 
sistance of the ion exchanger with high accuracy, it is 
preferable to apply an insulating means to the surface 
of the ion exchanger. If any electrically conductive ma- 
terial nearthe ion exchangerhas no adverse effect, then 
such an insulating means is not required. The electric 
resistance measuring means should preferably be a re- 
sistance meter, and should preferably have a resistance 
measuring range from 10 3 to 10 15 £2. 
[0023] Various resistance meters are present as com- 
. mercially available products. Generally, the available re- 
sistance meters have applicable voltages ranging from 
DC 1 V to DC 1 0,000 V and currents ranging from 1 A to 
10" 12 A, and can measure electric resistances ranging 
from 1 to 1 0 16 a. According to the Ohm's law, as an elec- 
tric resistance to be measured is higher, a current to be 
measured which is supplied to the electric resistance is 
lower. Any insulation resistance meter which is capable 
of measuring very low currents of about 10" 12 A is ex- 
pensive. Therefore, it is preferable to adjust the DC re- 
sistance to a range from 10 3 to 10 11 il, or more prefer- 
ably to a range from 10 4 to 10 9 n. 
[0024] The electric resistance of the ion exchanger 
tends to vary due to the temperature and humidity in the 
measuring environment. In orderto measure the electric 
resistance stably, it is necessary to keep the measuring 
environment within a certain temperature and humidity 
range. For example, if an ion exchanger as a sulfonic 
acid group, then the amount of bound water and the ex- 
change capacity of the sulfonic acid group are correlat- 
ed to each other. Since the amount of bound water var- 
ies depending on the humidity in the ambient environ- 
ment, the electric resistance varies if the humidity in the 
measuring environment changes. Therefore, in orderto 
inspect the exchange capacity of the ion exchange 
group accurately from the electric resistance of the ion 
exchanger, it is necessary to adjust the temperature and 
humidity in the measuring atmosphere within a certain 
range. 

[0025] The resistance measuring environment may 
be adjusted in temperature steps of ± 5° C within a range 
from 15 to 30°C and in relative humidity steps of ± 5 % 
in a range from 1 to 60 %. The electric resistance should 
preferably be measured after the adjusted resistance 
measuring environment has been kept at least for a pe- 
riod of time ranging from 5 to 1 80 minutes. The humidity 
may be adjusted by using a humidifier and a dehumidi- 
fier or supplying dry air, an inactive gas, or a gas adjust- 
ed to a certain humidity to a space around the ion ex- 
changer to be measured. It is preferable to provide a 
temperature/humidity measuring means for automati- 
cally or manually controlling the temperature and humid- 
ity of the measuring environment. The rate at which to 
supply dry air, an inactive gas, or a gas adjusted to a 
" certain humidity may be controlled automatically or 



manually. 

[0026] FIGS. 2 through 5 show a clean box incorpo- 
rating a gas removal filter according to a first embodi- 
ment of the present invention. The clean box shown in 
5 FIGS. 2 through 5 is used to store or deliver semicon- 
ductor wafers or the like, for example, while keeping 
them in an extremely clean environment. 
[0027] As shown in FIGS. 2 through 5, the clean box 
primarily comprises a casing 1 for accommodating a 
10 cassette C which holds an array of substrates such as 
semiconductor wafers or the like therein s a door 2 for 
hermetically covering an opening in the casing 1 through 
which the cassette C can be taken into and out of the 
casing 1 , an air cleaner 3 housing a particle removal til- 
ts ter and a gas removal filter therein and connected to the 
casing 1 , and outer covers 5 housing cables therein and 
connected to the air cleaner 3. 

[0028] The air cleaner 3 comprises a particle removal 
filter 6 such as a HEPA filter or a ULPA filter, a filter case 

20 8 housing a gas removal filter 7 which includes an ion 
exchanger according to the present invention, an air 
blower 9, dehurriidifiers 10, and a filter unit cover 11 iso- 
lating these components from the outer environment. 
The gas removal filter 7 has an ion exchanger in th e form 

25 of a sheet, and is associated with electrodes for meas- 
uring the electric resistance of the portion of the gas re- 
moval filter 7 between the electrodes. The door 2 has 
inlet and outlet ports 22 for replacing air in the clean box 
with fresh air, a means for measuring the temperature 

30 and humidity in the clean box, and a means 23 fortrans- 
mitting information of the measured information to an 
external circuit. 

[0029] FIG. 6 shows in cross section the gas removal 
filter 7 together with related parts. As shown in FIG. 6, 

35 the gas removal filter 7 has a cation exchanger 12 and 
an anion exchanger 1 3 which trap positive ions and neg- 
ative ions, respectively, and remove them from air flows 
in the clean box. The cation exchanger 1 2 and the anion . 
exchanger 13 are covered with respective insulating 

40 members 14for protection against the effect of any elec- 
trically conductive materials which may be present near 
the clean box. Respective pairs of inner electrodes 15 
are attached to the cation exchanger 12 and the anion 
exchanger 13 for measuring electric resistances there- 

45 of. External electrodes 16 are mounted on a frame of 
the gas removal filter 7 and electrically connected to the 
inner electrodes 15 by wires 17. Since the electric re- 
sistance of the ion exchangers may possibly be 
changed due to the humidity of the environment and an 

so electrically conductive material applied thereto, an elec- 
trostatic nonwoven fabric or a filter or a particle removal 
means such as a HEPA filter or a ULPA filter may be 
disposed upstream of the cation exchanger 12 and the 
anion exchanger 13. 

55 [0030] The filter case 8 and the filter unit cover. 11 
have through holes 1 8 defined therein for allowing a ter- 
minal 21 of a resistance meter 20 to contact the outer 
electrodes 16. Unless the electric resistance is meas- 
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ured, the through holes 18 are closed by plugs 19. For 
measuring the electric resistance of the cation exchang- 
er 12 and the anion exchanger 13, the plugs 19 are re- 
moved to expose the outer electrodes 16, and the ter- 
minal 21 of the resistance meter 20 positioned outside 
of the clean box is brought into contact with outer elec- 
trodes 16 to measure the electric resistance between 
the electrodes 15 on the cation exchanger 12 and the 
anion exchanger 13. 

[0031] FIG. 7 shows an apparatus for measuring the 
service life of the gas removal filter 7, the apparatus hav- 
ing an air adjusting function. The apparatus comprises 
a housing 50, a measuring terminal 51 , and a wiring 
means 52. The housing 50 accommodates therein a hu- 
midity adjusting means comprising a high-pressure con- 
tainer 53 filled with an inactive gas or dry air, a supply 
conduit means 54 connecting the high-pressure con- 
tainer 53 to the inlet port 22 of the clean box, an opening 
and closing means 55 connected to the supply conduit 
means 54, a supply gas rate adjusting means 56 con- 
nected to the supply conduit means 54 for adjusting the 
rate of the inactive gas or dry air supplied from the high- 
pressure container 53, a discharge conduit means 57 
for discharging the inactive gas or dry air from the outlet 
port 22 of the clean box, an opening and closing means 
55 connected to the discharge conduit means 57, and 
a discharge gas rate adjusting means 58 connected to 
the discharge conduit means 57 for adjusting the rate of 
the inactive gas or dry air discharged from the outlet port 
22 of the clean box. 

[0032] The housing 50 also has a communication 
means 59 for receiving temperature and humidity infor- 
mation in the clean box, ID information of the clean box, 
and history information of substrates in the clean box 
via a wireless or wired link with the means 23 on the 
clean box, and a power supply unit 60 for supplying elec- 
tric energy to the clean box. The ID information of the 
clean box represents a number for identifying the clean 
box among many containers present in the semiconduc- 
tor fabrication factory, and is subject to centralized man- 
agement by a production management system in the 
semiconductor fabrication factory. The housing 50 also 
accommodates a controller 61 for calculating the serv- 
ice life of the ion exchangers based on the temperature 
and humidity in the clean box and the electric resistance 
of the ion exchangers, and recording control and meas- 
urement information. The measurement information to 
be recorded represents the ID information of the clean 
box, the substrate processing history, the year, month, 
and date of measurement, the apparatus ID number, the 
temperature and humidity in the clean box, the electric 
resistance of the ion exchangers, the calculated ion ex- 
changer consumption ratio, the judged results, etc. The 
control and measurement information may be transmit- 
ted to a host computer in the semiconductor fabrication 
factory for the management of the filter service life. 
[0033] Operation of the apparatus for measuring the 
service life of the gas removal filter 7 will be described 



below. 

[0034] When the clean box is seated on the appara- 
tus, the power supply unit 60 is electrically connected to 
a terminal on the clean box, which starts to operate with 

5 electric energy supplied from the power supply unit 60. 
In order to stir and mix the gas in the clean box, the air 
blower 9 in the clean box should preferably be operated 
when the filter service life is measured. If the clean box 
incorporates a dehumidifying means therein, then the 

10 dehumidifying means should also preferably be operat- 
ed to maintain a desired level of humidity in the clean 
box. 

[0035] The means 23 on the clean box transmits tem- 
perature and humidity information in the clean box to 
is communication means 59 of the apparatus. If the tem- 
perature and humidity in the clean box fall within given 
ranges, e.g., if the temperature in the clean box is in the 
range from 20 to 25°C and the relative humidity in the 
clean box is in the range from 5 to 1 5 %, then the appa- 
20 ratus enters a. standby mode for measuring the electric 
resistance after it has operated a certain period of time. 
Then, the apparatus is automatically or manually oper- 
ated to measure the electric resistance of the ion ex- 
changers, and the controller 61 calculates and judge the 
25. service life of the ion exchangers. The electric resist- 
ance may be measured for one of the ion exchangers 
at a time or all the ion exchangers simultaneously. If the 
humidity in the clean box falls outside of the desired 
range, then the humidity adjusting means supplies an 
30 inactive gas or dry air to the clean box. After the humidity 
in the clean box reaches the desired range, the appara- 
tus starts measuring the electric resistance. In the 
present embodiment, the high-pressure container 53 is 
illustrated as part of the humidity adjusting means, a util- 
es ity facility in the semiconductor fabrication factory may 
be used instead of the high-pressure container 53 for 
supplying an inactive gas or dry air to the clean box. The 
means for measuring the temperature and humidity in 
the clean box may be associated with the apparatus, 
40 rather than with the clean box. If the means for measur- 
ing the temperature and humidity in the clean box may 
be associated with the apparatus, then some parts and 
communication means in the clean box may be elimi- 
nated. If the clean box has a dehumidifying means, then 
45 the humidity adjusting means may be dispensed with. 
[0036] In the above embodiment, the measuring ter- 
minal 51 is connected to an upper wall of the gas remov- 
al filter 7. However, the through holes 18 for the meas- 
uring terminal maybe defined in aside wall, a lower wall, 
50 or a rear wall of the clean box, and the measuring ter- 
minal 51 may be positioned accordingly for connection 
though the through holes 18 thus defined. 
[0037] The measuring terminal 51 may be positioned 
on a portion of the clean box which is engageable with 
55 the apparatus, and when the clean box is placed on the 
apparatus housing 50, the measuring terminal 51 may 
automatically be connected to a resistance measuring 
terminal through the through hole 18. Alternatively, the 
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measuring terminal 51 may be concealed by a cover on 
the apparatus housing 50, and may be connected to a 
resistance measuring terminal in the clean box in re- 
sponse to the seating of the clean box on the apparatus 
or a command for measuring the electric resistance. 
[0038] FIGS. 8 through 11 show a corrugated gas re- 
moval filter according to a second embodiment of the 
present invention. As shown in FIG. 8, the corrugated 
gas removal filter according to the second embodiment 
comprises an ion exchanger 30 in the form of corrugated 
sheets : separators 31 each inserted between adjacent 
ones of the corrugated sheets for providing uniform air 
passages therebetween, and an outerframe 32 holding 
the ion exchanger 30 and the separators 31 which are 
bonded together by an adhesive. 
[0039] As shown in FIG. 8, an opening 33 is defined 
in a strip of the corrugated ion exchanger 30. and an 
electric resistance measuring unit 34 is placed in the 
opening 33. Specifically, the electric resistance meas- 
uring unit 34 comprises a sheet-like ion exchanger 35, 
which is of the same material and dimensions as the ion 
exchanger 30, is placed in the opening 33, and elec- 
trodes 36 are attached to the ion exchanger 35 for meas- 
uring the electric resistance of the ion exchanger 35. 
[0040] FIG. 1 0 shows the electric resistance measur- 
ing unit 34 in exploded perspective. As shown in FIG. 
10, the electric resistance measuring unit 34 has the 
sheet-like ion exchanger 35 sandwiched between an in- 
sulating sheet 38 having openings 37 defined therein for 
passage of respective electrodes 36 therethrough and 
another insulating sheet 38a. The electrodes 36 are fix- 
edly attached to the sheet-like ion exchanger 35 without 
no contact resistance developed therebetween. The 
electrodes 36 are electrically connected to respective 
terminals 39 through respective wires 40. The terminals 
39 are disposed on the filter frame 32 shown in FIG. 8 
for connection to respective terminals of an external re- 
sistance meter. The terminals 39 may alternatively be 
positioned on a duct of the like in the vicinity of the gas 
removal filter. At any rate, the consumption of the ion 
exchange group of the ion exchanger can easily be de- 
tected simply by measuring the electric resistance 
thereof without the need for removal of the gas removal 
filter. 

[0041] The electric resistance measuring unit 34, 
which comprises an ion exchanger specimen of the 
same material as the ion exchanger to be measured, 
combined with electrodes, is attached to a portion of the 
ion exchanger to be measured. The electric resistance 
measuring unit 34 thus installed allows the consumption 
of the ion exchange group of the ion exchanger in the 
gas removal f ilterto be measured with ease. The second 
embodiment is easily applicable to a location where the 
gas removal filter is installed, e.g., a clean room, a sem- 
iconductor fabrication facility, a liquid crystal substrate 
fabrication facility, and an air-conditioning system for 
storage rooms for various substrates. 
[0042] FIG. 11 shows by way of example the princi- 



ples of the second embodiment as applied to air-condi- 
tioning ion exchange filters in a semiconductor fabrica- 
tion apparatus 71 . The semiconductor fabrication appa- 
ratus 71 has two air-conditioning systems, i.e., a circu- 
5 lating system for circulating air in the semiconductorfab- 
rication apparatus 71 and an air intake system for intro- 
ducing external air into the semiconductor fabrication 
apparatus 71. The circulating system comprises a first 
air blower 72, a circulating system gas removal filter 73, 
w a particle removal filter 74, a first temperature/humidity 
measuring means 75, a temperature/humidity adjusting 
means 76, and a first air rate adjusting damper 77. The 
air intake system comprises a second air blower 78, an 
air intake system gas removal filter 79, a second tern- 
is perature/humidity measuring means 80, and a second 
air rate adjusting damper 81 . A service life measuring 
apparatus comprises a controller 82 and a wiring means 
83. Each of the circulating system gas removal filter 73 
and the air intake system gas removal filter 79 is com- 
20 bined with the electric resistance measuring unit 34, 
which is connected to the controller 82 by the wiring 
means 83. The temperature and humidity in the semi- 
conductor fabrication apparatus 71 are controlled to be 
equal to or higher than those in a clean room, and kept 
25 at substantially constant levels. Therefore, the electric 
resistance of the ion exchange filters installed in the 
semiconductor fabrication apparatus 71 can continu- 
ously be measured, and hence the service life of those 
ion exchange filters can also continuously be measured. 
30 The controller 82 can record measured data as digital 
or analog data, and can send the recorded data to an 
external computer terminal in response to a request 
therefrom. 

[0043] FIGS. 12 and 1 3 show different data of the re- 
35 lationship between the ion exchange capacity of an ion 
exchanger and the electric resistance thereof. FIG. 12 
shows the relationship between the ion exchange group 
consumption ratio of a strong acid cation exchange non- 
woven fabric and the measured electric resistance 
40 thereof at an environment temperature of 23°C and 50 
% RH. The ion exchange group consumption ratio C (%) 
is defined by the following equation: 



45 



C(P-L)/PX100 



where P represents the total exchange capacity (equiv- 
alent amount) in an initial state, and L represents the 
remaining exchange capacity (equivalent amount) 

so which is left after the ion exchanger has been used. 
[0044] FIG. 1 3 shows the relationship between the ion 
exchange group consumption ratio C of the strong acid 
cation exchange nonwoven fabric and the measured 
electric resistance R thereof at an environment temper- 

55 ature of 23°C and 3 % RH. It can be seen from FIGS. 
12 and 13 that the ion exchange group consumption ra- 
tio C and the measured electric resistance R are sub- 
stantially linearly correlated to each other such that as 
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the ambient humidity is lower, the electric resistance R 
is higher, resulting in a greater change in the electric 
resistance due to the consumption of the ion exchange 
group. Theretore : it is preferable to measure the electric 
resistance while keeping the ion exchanger at a low hu- 
midity for the purpose of measuring the consumption ra- 
tio of the ion exchange group with higher accuracy. With 
respect to the clean box according to the first embodi- 
ment, for example, it is preferable to keep the humidity 
in the clean box at a low level with the dehumidifier in 
the clean box and measure the electric resistance of the 
ion exchanger in such a low humidity environment. 
[0045] The above embodiments have been described 
with respect to the means for measuring the electric re- 
sistance of the ion exchanger according to the present 
invention, as combined with the gas removal filter incor- 
porated in the clean box and the corrugated gas removal 
filter for use in general air-conditioning systems. How- 
ever, the principles of the present invention are also ap- 
plicable to gas removal filters of various types. FIGS. 12 
and 1 3 show the relationship between the ion exchange 
group consumption ratio of the cation exchange nonwo- 
ven fabric and the measured electric resistance thereof. 
However, the same substantially li near relationship also 
occurs with anion ion exchangers. Therefore, the 
present invention is applicable to various ion exchang- 
ers. 

[0046] According to the present invention, as de- 
scribed above, it is possible to measure the electric re- 
sistance of an ion exchanger easily within a short period 
of time without the need for an analyzer for analyzing a 
trace amount of gas, such as a gas chromatograph or 
the like. Therefore, the consumption of the ion exchange 
group of the ion exchanger and the remaining adsorp- 
tion capability thereof can be estimated easily within a 
short period of time. As a result, the replacement of a 
gas removal filter incorporating an ion exchanger can 
easily be managed for keeping various clean rooms at 
a desired level of cleanness. 

[0047] Although certain preferred embodiments of the 
present invention have been shown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 



Claims 

1 . A gas removal method comprising: 

using a gas removal filter having an ion ex- 
changer; 

measuring an electric resistance of the ion ex- 
changer; and 

estimating an ion exchange group consumption 
ratio of the ion exchanger from the measured 
electric resistance, 



2. A method according to claim 1 , wherein said ion ex- 
change group consumption ratio is estimated from 
a relationship, which has been acquired in advance, 
between an electric resistance and ion exchange 

5 group consumption of the ion exchanger. 

3. A method according to claim 1 , wherein said meas- 
uring the electric resistance comprises:. 

10 applying a pair of electrodes to said ion ex- 

changer; and 

measuring the electric resistance between said 
electrodes with an electric resistance measur- 
ing unit. 

15 

4. A method according to claim 3, further comprising: 

removing a portion of said ion exchanger as a 
specimen; 

20 applying said electrodes to said specimen; and 

attaching said specirhen to said ion exchanger 
where said portion thereof has been removed. 

5. A method according to claim 1 , further comprising: 

25 

adjusting a humidity around said ion exchanger 
when the electric resistance of the ion exchang- 
er is to be measured. 

30 6. A gas removal filter comprising: 

an ion exchanger; and 

a measuring unit for measuring a change in an 
electric resistance of said Ion exchanger which 
35 is caused when said ion exchanger adsorbs a 

gas. 

7. A gas removal filter according to claim 6, wherein 
said measuring unit comprises: 

40 

at least a pair of electrodes applied to said ion 
exchanger. 

8. A gas removal filter according to claim 6, wherein a 
45 portion of said ion exchanger is removed as a spec- 
imen, said measuring unit is applied to said speci- 
men, and said specimen is attached to said ion ex- 
changer where said portion thereof has been re- 
moved. 

50 

9. A gas removal filter according to claim 6, wherein 
said measuring unit is attached to said ion exchang- 
er and Is connected by wires to terminals on a frame 
of the gas removal filter, whereby the electric resist- 

55 ance of said ion exchanger can be measured 
through said terminals. 

10. A gas removal filter according to claim 9, further 
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comprising: 



a resistance meter tor measuring said electric 
resistance. 

11. A gas removal filter according to claim 10, wherein 
said ion exchanger comprises ion exchange non- 
woven fabric or fibers. 

12. A gas removal filter according to claim 7, wherein 
said electrodes are made of an evaporated film of 
electrically conductive material or a coated film of 
electrically conductive paste. 

13. A gas removal apparatus having a gas removal filter 
according to claim 6. 

14. A clean room having a gas removal filter according 
to claim 6. 

15. A clean box having a gas removal filter according 
to.claim 6. 

16. An apparatus for measuring a service life of a gas 
removal filter, comprising: 



15 



20 



25 



a measuring unit for measuring an electric re- 
sistance of a gas removal filter having an ion 
exchanger; 

a measuring unit for measuring a temperature 30 
and/or a humidity of a gas which passes 
through said gas removal filter; and 
a controller for calculating on said electric re- 
sistance, the temperature and/or the humidity, 
and known detected data to estimate an ion ex- 35 
change group consumption ratio or an ion ex- 
change capacity of the gas removal filter. 



17. An apparatus according to claim 16, further com- 
prising: 

communication means for communicating said 
ion exchange group consumption ratio or said 
ion exchange capacity with an external device. 

18. A semiconductor fabrication apparatus having an 
apparatus according to claim 1 6. 

19. A liquid crystal substrate fabrication apparatus hav- 
ing an apparatus according to claim 1 6. 

20. A substrate storage apparatus having an apparatus 
according to claim 16. 



40 
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